Abstract
Introduction
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likely shared their evolutionary history with venomous snakes since at least the early Eocene.
68
This snake detection hypothesis (SDH) (Isbell, 2006 (Isbell, , 2009 snakes and primates as the SDH posits. In addition to the differences in degrees of orbital 78 convergence between the major primate clades, there is also considerable variation within clades 79 in this regard (Ross, 1995; Heesy, 2005) . If both the high degree of orbital convergence in 80 primates relative to other mammals and the differences in convergence between the major 81 primate clades is due to the selective pressures imposed by snakes, then it should also be 82 expected that variation in the risk posed by snakes will explain some of this within-clade 83 variation. Beyond whether or not a given species is sympatric with venomous snakes, several 84 additional factors should affect the risk of snake attack a particular primate species faces 85 (summarized in Table 1 ): the population density of snakes in the habitat, the frequency in which 86 snakes are likely to be encountered, the likelihood of detecting or deterring the snake before a 87 successful attack is made, and the degree to which the species is likely to be targeted by snakes 88 as a potential prey and successfully attacked. First, snake density will affect risk for primates because a greater number of snakes 90 present per unit area in the habitat will increase the probability and frequency of snake 91 encounters (Hutchinson and Waser, 2007) . We used rainfall, temperature, and latitude as proxies 92 for snake densities based on previous research showing a strong relationship between these 93 ecological variables and factors related to species richness and population density, including 94 those of snakes and other reptiles (e.g., Rogers, 1976 positively related to activity levels (Hailey and Davies, 1986) , attack speed (Greenwald, 1974) , 98 digestion rate (Skoczylas, 1970) , and metabolic rate (Dorcas et al., 2004) , all factors which are 99 likely to influence the risk they pose to primates. In addition, these climate variables are directly 100 related to habitat quality and structure, which are well-connected to animal abundances (i.e.
101
densities; Brown, 1995) . In turn, prey densities are known to be an important factor driving 102 snake growth rates (Forsman and Lindell, 1991) . This should further influence the degree of risk 103 that snake predation poses on primates.
104
Second, patterns of movement should also affect the frequency with which primates will 105 encounter snakes, with average speed with which they move through their habitat being 106 especially important in this regard (Hutchinson and Waser, 2007 
116
Finally, whether or not a primate species is potential prey for snakes will affect risk of 117 attack because prey should be more likely to be attacked when encountered than would non-prey.
118
The most important factors in determining whether or not a given animal species is likely to be 119 targeted as potential prey by snakes are body size and shape, with snakes being unable to 120 consume animals that are too large in terms of mass or girth due to the fact that snakes consume 121 their prey whole (Greene, 1997 their faster metabolic rate and surface to volume ratio (Fleagle, 1999) . In contrast, a large 146 primate, which presumably would produce more vibrations, may be more detectable because 147 snakes can also detect prey through vibrations on the ground (Hartline, 1971) .
148
This study tests whether the ability to detect snakes has been an important selective force 
Methods
165
Data sources
166
All data used in this study were obtained from the published literature, supplemented in a 167 few cases with data from unpublished sources (see Table 2 ). Orbital convergence values were Neotropics, 3) Africa and Asia (see Isbell, 2006 Isbell, , 2009 contrasts for each variable to account for the non-independence of data due to evolutionary 204 history (Felsenstein, 1985) . To calculate contrasts, we used the PDAP module (Midford et al., 205 2007) in Mesquite We used two types of analyses to determine the best predictors of orbital convergence 211 across primates. First, we conducted a linear multiple regression including all predictor variables.
212
We examined the residuals from this analysis to identify potential outliers, which were defined 213 as samples with studentized residuals greater than 3 or less than -3, and/or Cook's distances near 
217
We also used the outlier-free dataset to determine the best combination of variables The regression and AICc analyses were performed with Statistica and included a zero 239 intercept, which is a requirement of analyses using independent contrasts data (Garland et al., 
Results
248
Our initial multiple regressions predicting orbital convergence produced significant 249 models using both datasets, yet they also contained an outlier contrast: Cheirogaleus medius vs. convergence.
261
The information theoretic approach produced fairly similar results. We found nine 
Discussion
271
The results of the current analysis do not support the hypothesis that predatory and 272 defensive attacks by snakes have been the primary selective force favoring the evolution of identical to that of the catarrhines, seems to falsify the SDH (see also Wheeler, 2010 ).
286
The relationship between biogeography, exposure to venomous snakes, and the evolution 287 of stereoscopic vision is further confounded by the uncertainty of the shared evolutionary history 288 of some primates and venomous snakes (Wheeler, 2010) . While the evidence is strong that the 
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In addition to the lack of a significant effect of biogeography on orbital convergence,
305
there was also no relationship between orbital convergence and the degree of risk that snakes 
322
The variables which were consistently the most important predictors of orbital 323 convergence were body size and activity pattern. Although body size was predicted to have a 324 significant effect if orbital convergence evolved to make detecting snakes more efficient, the 325 effect was in the opposite direction than predicted because those primates more likely to be (Ross 1995 (Ross , 1996 (Ross , 2000 , a phenomenon which would be expected if that nocturnal ancestor had 332 also been a visual predator (Ross, 1996 (Ross, , 2000 Kirk, 2006) , and to have decreased further as 333 anthropoids grew larger due to orbit size scaling with negative allometry against body size 334 (Martin, 1990; see also Ross, 1995 Ross, , 1996 
378
The current results may also be confounded by the fact that microhabitat use by both 379 snakes and primates will affect the rate in which the species encounter one another, but 380 limitations in the availability of such data do not allow for an analysis including these variables. 
400
Future field, captive, and comparative studies will likely yield additional insights into the 401 possible effect of snakes and other predators on the evolution of primate diversity. 
